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Purpose: To evaluate the effect of treatment for 3 years with a dorzolamide/timolol (l%/0. 5%) 
fixed combination (DTFC) on visual field progression in patients with open-angle glaucoma. 
Participants: A total of 14 consecutive patients were enrolled who had been previously treated 
with monotherapy or any combination of a beta blocker, carbonic anhydrase inhibitor, and/ 
or prostaglandin analog for primary open-angle glaucoma (POAG; n=4) or normal-tension 
glaucoma (NTG; n=10). 

Methods: Patients were switched to DTFC from their prior glaucoma therapy. The IOP was 
measured at intervals of 4-6 weeks, and the visual fields were examined at least twice a year 
for 3 years. The annual change of mean deviation (MD slope) was used to quantify visual field 
loss. 

Results: The mean MD value was -5.9+5.0 dB at baseline; it was -5.6+4.8 dB at 12 months, 
-5.9+5.0 dB at 24 months, and -5.6+5.1 dB at 36 months after switching. The mean MD 
slope was -0.2+0.8 dB/year before switching and 0.3+1.3 dB/year from baseline to 1 year, 
-0.3+1.1 dB/year from 1-2 years, and 0.3±0.9 dB/year from 2-3 years after switching. The 
mean MD slope from baseline to 36 months was correlated with the IOP reduction rate at 
36 months after switching. Visual field progression was associated with the IOP reduction rate 
at 12 months after switching. 

Conclusion: Switching to DTFC from prior glaucoma therapy improved the MD slope for at 
least 3 years. Reduction of the IOP after switching to DTFC was effective for delaying visual 
field progression. Although our study was not nonrandomized and was small in scale, the 
findings suggest that DTFC might have a beneficial effect on the visual fields in patients with 
open-angle glaucoma. 

Keywords: dorzolamide/timolol (l%/0.5%) fixed combination, switch, visual field, MD slope 

Introduction 

Glaucoma is denned by the presence of a glaucomatous visual field defect. An increased 
intraocular pressure (IOP) is the most important risk factor for developing glaucoma- 
tous optic neuropathy that causes visual field defects. 17 The Early Manifest Glaucoma 
Trial showed that each increase (or decrease) of 1 mmHg in the IOP was associated 
with approximately a 10% increase (or decrease) in the risk for progression of visual 
field loss. 8 Thus, the primary goal of treating glaucoma is to reduce the IOP to the 
target pressure, and the options available for this purpose include ocular hypotensive 
agents, laser therapy, and surgery. 9 

Use of multiple medications for glaucoma may increase the risk for adverse effects, 
drug interactions, and nonadherence to treatment. Thus, we should aim to treat glau- 
coma with the minimum number of medications and the lowest doses required for IOP 
control. Combination therapy is expected to improve compliance and convenience for 
patients because it achieves fewer doses, lower costs, and fewer adverse effects because 
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of a reduction of preservatives. 10 11 Fixed combination drugs 
have several advantages. 1112 First, these drugs reduce the 
cost of treatment. Second, such drugs are more convenient 
and thus lead to better adherence because of less-frequent 
dosing. Third, a reduced decrease in the daily number of 
instillations will also reduce adverse effects. For instance, 
a fixed combination drug can potentially reduce repeated 
exposure of the ocular surface to ophthalmic preservatives 
compared with the use of two standard drugs. Fourth, fixed 
combinations sometimes show greater efficacy for reducing 
the IOP by avoiding the washout effect from administering 
a second eye drop after the first drop. 

Recently, various combined ocular preparations have been 
successfully developed. The combination of dorzolamide 
(2%) and timolol maleate (0.5%) (Cosopt®; Merck & Co, Inc, 
Whitehouse Station, NJ, USA) contains a topical carbonic 
anhydrase inhibitor and a topical beta-adrenergic receptor 
blocking agent, which is the most widely used combination 
for glaucoma worldwide. 11 1315 In Japan, a combined drug 
with a lower concentration of dorzolamide ( 1 %) and the same 
concentration of timolol maleate (0.5%) (Cosopt®; MSD, 
Tokyo, Japan; and Santen, Osaka, Japan) was developed 
and has been marketed since 2010. Mizoguchi et al reported 
that an IOP-lowing effect of adding this dorzolamide/timolol 
(l%/0.5%) fixed combination (DTFC) to a prostaglandin 
analog (PGA) was detected within 8 weeks in patients with 
normal-tension glaucoma (NTG). 15 We have also evaluated 
the long-term reduction of IOP reduction and safety after 
switching to DTFC in patients with open-angle glaucoma. 
Our previous study showed that the mean IOP reduction rate 
was 12.8%+15.2% at 36 months after switching and that more 
than 10% reduction of the IOP from baseline was maintained 
for 36 months. 16 However, there has been no report on the 
long-term effect of DTFC therapy on the progression of visual 
field loss. Accordingly, the aim of the present study was to 
evaluate the long-term effect of DTFC therapy on the IOP 
and visual fields in patients with open-angle glaucoma treated 
for 3 years. This report covers part of our investigation into 
the long-term beneficial effects of DTFC. 16 

Materials and methods 

Study design 

This was a prospective, longitudinal, uncontrolled, nonran- 
domized, and consecutive case series study conducted at 
the hospital of Nippori Clinic Medical Center East, Tokyo 
Women's Medical University Hospital, and Tokyo Women's 
Medical University Medical Center East Hospital in Japan. 
This study was performed in accordance with the Helsinki 



Declaration. This study was approved by the Tokyo Women's 
Medical University Institutional Review Board for Clinical 
Research. There was no financial support or sponsorship 
from the pharmaceutical industry. 

Subjects 

The purpose and nature of the present study were explained 
in detail to all patients, and informed consent was obtained. 
Patients who fulfilled the eligibility criteria were recruited 
consecutively at routine hospital visits between June 2010 
and September 2010. The present report covers the effect 
of DTFC therapy on IOP over 3 years, and the study popu- 
lation consists of the same subjects reported in a previous 
manuscript. 16 

The inclusion criteria were as follows: an age of 18 years 
or older who have the capacity to give informed consent; 
characteristic glaucomatous visual field loss and optic nerve 
head damage in at least one eye; treatment with a PGA, beta- 
blocker (BB), and/or carbonic anhydrase inhibitor (CAI) for 
at least 3 months; and best-corrected visual acuity of 20/200 
or better (because visual impairment may affect test results 
of visual field). 

The exclusion criteria were as follows: closed or barely 
open anterior chamber angle, a history of acute angle closure 
or ocular trauma, neovascular glaucoma, a history of ocular 
surgery including refractive surgery or glaucoma filtering 
surgery, a history of ocular inflammation or infection dur- 
ing the preceding 6 months, clinically significant dry eyes 
syndrome, or the inability to adhere to the plan for treatment 
and hospital visits. 

Nineteen patients who switched to DTFC were provision- 
ally enrolled in this prospective clinical study. Five of these 1 9 
patients were excluded because of lack of continuous visual 
field data during the observation period. As a consequence, the 
study population consisted of 14 patients with NTG (N=10) 
or primary open-angle glaucoma (POAG; N=4). The subjects 
were aged 66. 1+7.3 years (mean + standard deviation), with 
an age range of 52-81 years (Table 1). These patients were 
also included in our previous report. 16 All patients were Asian 
(Japanese) and were residents of Japan. As prior antiglaucoma 
therapy, two patients were using BB (14.3%), two were using 
CAI (14.3%), seven were using PGA+BB (50.0%), one was 
using a PGA/BB fixed combination (7.1%), and two were 
using PGA+BB+CAI (14.3%) (Table 1). 

Intervention 

Patients were switched to DTFC (Cosopt*; MSD/Santen) 
without a washout period between the old and new treatments. 
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Table I Clinical profile of the subjects 



Vvllo.1 aLLCf 


Total 


NTG 


POAG 


P-va.1 u6 

NTG versus POAG 


Number of subjects 


14 


10 


4 


- 


Age, years 


66.1 ±7.3 


66.7±7.3 


64.8±7.9 


NS (0.7233)* 


Male/female 


9/5 


7/3 


2/2 


NS (0.4545)* 


Right/left 


7/7 


6/4 


1/3 


NS (0.2797)* 


Refraction, diopters 


-3.5±2.8 


-2.7±3.0 


-S.S±I.5 


NS (0.0619)* 


Baseline intraocular pressure, mmHg 


14.1 ±2.6 


1 3.5±2.2 


IS.5±3.3 


NS (0.381 1)* 


Prior glaucoma medication 










BB 


2 


2 






CAI 


2 


2 






PGA+BB 


7 


4 


3 




PGA/BB fixed combination 


1 


1 






PGA+BB+CAI 


2 


1 


1 





Notes: *Two-tailed unpaired t-test; j Fisher's exact test. 

Abbreviations: NTG, normal tension glaucoma; POAG, primary open-angle glaucoma; BB, beta-blocker; CAI, carbonic anhydrase inhibitor; PGA, prostaglandin analog; 
NS, not significant. 



Switching was performed at the attending physician's 
discretion. The main reasons for switching to DTFC were 
insufficient control of the IOP and progression of visual 
field defects. 17 The 4 patients with prior BB monotherapy 
(N=2) or CAI monotherapy (N=2) were switched to DTFC 
alone (28.6%), whereas the 7 patients with prior PGA+BB 
therapy were switched to PGA+DTFC (50.0%). One patient 
using a PGA/BB fixed combination drug was switched to 
DTFC alone (7.1%), whereas 2 patients receiving prior 
PGA+BB+CAI triple therapy were switched to PGA+DTFC 
(14.3%). To assess the efficacy of DTFC as a part of mul- 
tidrug therapy (together with BB, CAI, and/or PGA) or as 
monotherapy (after switching from BB or CAI), patients were 
divided into two groups according to the change in the num- 
ber of antiglaucoma medications: an increase group (switched 
from BB or CAI to DTFC or from PGA+BB to PGA+DTFC; 
N=l 1 [78.6%]) and a no-increase group (switched from PGA/ 
BB fixed combination to DTFC or from PGA+BB+CAI to 
PGA+DTFC; N=3 [21.4%]). If both eyes fulfilled the eligi- 
bility criteria for this study, the eye with the higher baseline 
IOP was used for analysis. If both eyes showed the same IOP 
at baseline, the right eye was used for analysis. 

Visual field analysis 

Visual fields were examined at least twice a year, using the 
central 30 to 2 program of the Humphrey Field Analyzer 
(Humphrey Field Analyzer HFA-740i; Carl Zeiss Med- 
itec, Inc, Dublin, CA, USA). The mean deviation (MD) 
was used to quantify visual field impairment, which was 
calculated from the program 30-2 test. The annual change 
of MD (MD slope, dB/year) was calculated in each subject 



by linear regression analysis, using the SLOPE function in 
Microsoft Excel 2010 (Microsoft Corporation, Redmond, 
WA, USA). MD values obtained from reliable visual 
field tests (<20% fixation errors, <33% false-positives, 
and <33% false-negatives) were used. To calculate the MD 
slope, data from 3 or more reliable measurements obtained 
on different days were used. Patients underwent an average 
of 3.4+0.6 visual field tests (range, 3-5 tests) before switch- 
ing to DTFC therapy, as well as 6.1+0.8 visual field tests 
(range, 5-7 tests) after switching. Visual field progression 
was defined as deterioration of the visual fields according 
to the modified guideline proposed by the Early Manifest 
Glaucoma Trial; that is, at least 3 identical continuous points 
showing at least 3 dB of deterioration on glaucoma change 
probability maps, based on the changes of pattern deviation 
values in two consecutive tests. 18,19 

Main outcome 

The age, gender, medical history, antiglaucoma medica- 
tions, and ocular history of each patient were assessed at the 
baseline visit. All subjects underwent a complete ophthalmic 
examination (including anterior segment biomicroscopy and 
fundus examination) and refraction with an automated kerato- 
refractometer (RC-5000; TOMEY, Nagoya, Japan). The 
spherical power and cylindrical power were both measured, 
after which the spherical equivalent (sphere +1/2 cylinder) 
was used to calculate the refractive error. 

Follow-up visits were scheduled at intervals of approxi- 
mately 4-6 weeks for 3 years. If a patient cancelled a 
scheduled appointment, the data obtained at the visit closest 
to the scheduled time were used for analysis. At each visit, 
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the IOP was measured by Goldmann applanation tonometry 
in the morning (between 9 am and 12 noon) by the same 
ophthalmologist (ST). The percentage decrease of the IOP 
(IOP reduction rate) was calculated as ([baseline IOP - mean 
IOP]/baseline IOP) x 1 00. MD values and the calculated MD 
slope were used to quantify changes of the visual fields. All 
data were entered into a computerized database at the time 
of each visit. 

Statistical analysis 

Continuous variables were compared between two groups 
by using the one-tailed or two-tailed paired or unpaired 
Student's f-test; analysis of frequencies was performed 
with the x 2 test or Fisher's exact test. Relations among 
variables were investigated by calculating Pearson's cor- 
relation coefficients. Factors associated with the mean MD 
slope over the course of 3 years after switching to DTFC 
and factors associated with visual field progression were 
investigated by multivariate logistic regression analysis, 
with the explanatory variables including the age (years); 
sex (male/female); right/left eye; refraction (diopter); type 
of glaucoma (POAG/NTG); number of antiglaucoma medi- 
cations after switching (no-increase group versus increase 
group); IOP at baseline and at 3, 12, 24, and 36 months; 
IOP reduction rates at 3, 12, 24, and 36 months; MD at 
baseline and at 12, 24, and 36 months; and MD slope before 
switching and at each time after switching. The level of 
significance was set at P<0.05. Statistical analysis was 
performed with SAS System software version 9.1 (SAS 
Institute Inc, Cary, NC, USA). 

Results 

The demographic profile of the subjects is summarized in 
Table 1 . There were no adverse effects or toxicity during the 
treatment with DTFC. The mean IOP was 14. 1+2.6 mmHg at 
baseline and 12.6+2.2 mmHg at 3 months, 12.2+2.2 mmHg 
at6months, 12.9+2.4 mmHg at 12months, 12.4+3.0 mmHg at 
18 months, 11. 6+1.8 mmHg at 24 months, 12.1+2.0 mmHg at 
30 months, and 12.4+2.9 mmHg at 36 months after switching 
(Table 2). There was a significant decrease of the IOP at 3, 
6, 18, and 24 months after switching compared with base- 
line (P<0.05, paired two-tailed Student's f-test; Table 2). 
There was no significant difference of IOP between the 
no-increase group and the increase group at all times of 
measurement (Table 2). After switching to DTFC, the POAG 
group tended to have a higher IOP than the NTG group, and 
there was a significant difference between the two groups at 
12 months after switching (P=0.0020; Table 2). 



The mean IOP reduction rate was 9.6%±11.8% at 
3 months, 12.2%±12.2% at 6 months, 6.8%±16.8% 
at 12 months, 16.0%±1 1 .7% at 24 months, and 1 1 .4%±14.4% 
at 36 months after switching (Table 2). The mean IOP reduc- 
tion rate tended to be higher in the increase group than in 
the no-increase group at all times of assessment, although 
there was no statistical difference between the two groups 
(unpaired two-tailed Student's f-test; Table 2). The mean 
IOP reduction rate was higher in the NTG patients than 
in the POAG patients, although there was no significant 
difference between them (unpaired two-tailed Student's 
f-test; Table 2). 

The mean MD value was -6.0+4.5 dB before baseline, 
-5.9+4.8 dB at baseline, and -5.6+4.6 dB at 12 months, 
-5.9+4.8 dB at 24 months, and -5.6+4.9 dB at 36 months after 
switching (Figure 1). There was no significant difference of 
the mean MD value compared with baseline at 12 (P=0.4557), 
24 (P=0.9715), and 36 (P=0.5546) months after switching 
(paired two-tailed Student's f-test; Figure 1). Mean MD val- 
ues were higher in the no-increase group than in the increase 
group at all times of assessment (-3.4+0.6 versus -6.7+5.1 
dB [7^0.0728] before baseline, -3.7+0.7 versus -6.5+5.4 
dB [P=0.1477] at baseline, -3.4+0.6 versus -6.2+5.2 dB 
[P=0.1228] at 12 months, -3.0+1.1 versus -6.6+5.4 dB 
[P=0.0789] at 24 months, and -2.7+0.7 versus -6.4+5.5 dB 
[P=0.0644] at 36 months after switching, unpaired two-tailed 
Student's f-test). However, no significant differences were 
found between the two groups. Mean MD values also tended 
to be higher in the POAG patients than in the NTG patients 
at all times (-4.0+1 .5 versus -6.8+5.3 dB [P=0. 1939] before 
baseline, -3.8+1.7 versus -6.7+5.6 dB [P=0.1872] at base- 
line, -3.8+2.0 versus -6.3+5.3 dB [P=0.2495] at 12 months, 
-3.7+1.8 versus -6.7+5.6 dB [P=0.1885] at 24 months, and 
-2.8+1.6 versus -6.7+5.5 dB [^=0.0801] at 36 months after 
switching, unpaired two-tailed Student's f-test), although no 
statistical differences were found between them. 

The mean MD slope was -0.2+0.8 dB/year before 
switching to DTFC and 0.3+1.3 dB/year from baseline to 
1 year after switching, -0.3+1.1 dB/year from 1-2 years 
after switching, and 0.3+0.9 dB/year from 2-3 years after 
switching (Figure 2). There was no significant difference 
of the mean MD slope from baseline to 1 year (P=0.3599), 
1-2 years (P=0.8680), and 2-3 years (P=0.2268) after 
switching to DTFC compared with that before switching 
(paired two-tailed Student's f-test; Figure 2). There were also 
no significant differences of the mean MD slope between the 
no-increase and increase groups or between the NTG and 
POAG patients throughout the observation period, except 



submit your manuscript | www.dovepress.com 
Dovepress 



Clinical Ophthalmology 2014:8 



Dovepress 



Visual fields in glaucoma after switching to dorzolamide/timolol 



<D 
X 
«= 

15 
o 



+l 
2 



u 

IN 

H 



O O 

H < 

Z 0 

. 0- 

J 3 

.? « 

Q. > 



z 6, 



3 2 

B o 

. £l 



! 2 



— \D h- O (N O — <N (N 

— OvD<NO^Olo^1-^|- 
OOCNLOO(NCOro<Nro 
ro O rS O — — rN ro — 
OOOOOOO OO 



N i/i i/i n rS 
N N fO N 't 



oooooooo 



ro 
ro 


LO 


ro 




o 

ro 


ON 


ro 
r-i 




r-i 


5+ 




o± 


0+ 


8+ 




+1 

LO 


5+ 


5+ 


LO 


LO 




-o 


lo 


ro 


ro 







+i+i+i+i+i+i+i+i+! 

LO V0 LO \0 LO LO Tj - 









o 




LO 


r-i 


t' 




o 


+i 


+1 


+1 


+i 


CO 






ro 


LO 






cK 




T 



LO LO O . 

+| + — sO 

— SI +1 +1 

lo <n ^ — : 

— — hv. sO 



ro 





CN 


h- 




CO 




(N 






rn 


so 


-6 


ro 


LO 


sD 






+i 








+i 








ro 








ro 






r-i 


ro 




LO 




ro 




ro 



On -t 



O \0 t , t 



OOOOOOOOO 



t (N ro (N 
lo O ro t)- 
— N (N 0> 

t rs a) t 
oooooooo 





















ro 


sO 




o 


hs 


-o 


ro 


O- 






LO 


LO 


ro 






ro 


ro 




ci 


o 


h-.' 


O 




-O 


d 


r-i 


r-i 


r-i 


r-i 


ro 


r-i 


r-i 


ro 


r-i 






CO 












+1 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


+! 


+i 


+i 




+i 


+i 


+1 


+i 


+i 




LO 




p 




LO 


r-l 


LO 


ro 


-O 


r-l 




p 






CO 


ro 




r-i 


r-i 


ro 


r-i 




r-i 


r-i 


r-j 




LO 




ro 


CO 


ro 




ro 



-o 




O- 




LO 


o 




r-( 






r-i 


d 


r-i 


r-j 


d 


r-j 






+i 


+1 


+1 


+1 


+1 


+1 


+1 


+i 


+i 


p 




r-- 


ro 




O 




1--. 


r-j 


ro 




r-i 


r-j 


r-i 


r-i 






r-i 







CO 


C-i 


ro 




+1 


+\ 


$ 


ro 






r-i 







ro O (N 
CO — LO 



OLO(NO^)fS — 00 
NOrovOO^OrovOro 
— O ro ro O O <N O 
OO — OOOOO 
O O O O O O O O 



-o 


r-i 






p 


CO 


o 


o- 


o 


r-i 


r-i 




r-i 


ro 




r-i 


r-i 


r-i 


+1 






+1 






+1 




+1 






o- 










ro 


■<r 




r-i 


r-i 






r-i 


r-i 


r-j 



r-l 
rs 



K S ^ 
— r-i 



3 s 

-O ro 



O 



11 

C V 
l- to 



Q- CQ ro vO 
O 



(N ro ro 



•5 s« 
§ 2 

e e 



Z Q- 



fS ro ro 



E 



E < 
o 0 



Q " 

n 

a e 



H 
Z 



Clinical Ophthalmology 2014:8 



submit your manuscript 



1583 



Dovepress 



Takeda et al 



Dovepress 



o 



-2 



-8 
-10- 




-12 

Pre Baseline 12 months 24 months 36 months 

Time of assessment 

Figure I Mean deviation (MD) before and after switching to dorzolamide/timolol 
(l%/0.5%) fixed combination. 

Notes: The MD before baseline (Pre), at baseline and I 2, 24, and 36 months after 
switching in all patients. 

at 36 months after switching (P=0.0162, paired two-tailed 
Student's Mest). Figure 3 shows pattern standard deviation 
and foveal sensitivity before and after switching to DTFC. 
Pattern standard deviation significantly increased from 
7.3+4.6 dB at baseline to 7.8+5.0 dB at 12 months, 8.2+4.4 dB 
at 24 months, and 8.0+4.5 dB at 36 months after switching 
to DTFC (Figure 3A; P<0.05, paired one-tailed Student's 
Mest). Mean foveal sensitivity showed significant increase 
at 12 months (34.8+3.4 dB) compared with at baseline 
(33.5+4.1 dB; P=0.0315) and no significant decrease dur- 
ing observation after switching to DTFC (paired one-tailed 
Student's t-test; Figure 3B). 

Table 3 shows correlations among the mean MD values 
over the course of 1 year before switching to DTFC (dB, 
Pre-MD), the baseline MD value immediately before switch- 
ing (dB, baseline MD), the MD slope for 1 year before 
switching (dB/year, Pre-MD slope), and the mean MD slope 
for 3 years after switching (dB/year, Post-MD slope). The 
mean Post-MD slope showed a negative correlation with 



3 




Q. 



0 -1- ± 1 

1 - 2 

-3 — , — 

Pre 12 months 24 months 36 months 
Time of assessment 

Figure 2 Annual change of mean deviation (MD slope) during the I year before 
switching to dorzolamide/timolol (l%/0.5%) fixed combination (Pre), from baseline 
to 1 2 months after switching (12 months), 1 2-24 months after switching (1 2-24 
months), and 24-36 months after switching (36 months) in all patients. 



A *P=0.0397 



*P=0.0077 



*P=0.0457 




Pre Baseline 12 months 24 months 36 months 

Time of assessment 



*P=0.0315 




Pre Baseline 12 months 24 months 36 months 

Time of assessment 



Figure 3 Pattern standard deviation (PSD) and foveal sensitivity before and after 
switching to dorzolamide/timolol (l%/0.5%) fixed combination. Mean values after 
switching to dorzolamide/timolol ( I %/0.5%) fixed combination were compared with 
baseline values {P<0.05; ^paired one-tailed Student's t-test). 
Abbreviation: NS, not significant. 

the mean Pre-MD slope (£=-0.63; P=0.0150; Pearson's 
product moment correlation coefficient; Table 3). Figure 4 
shows a scatter plot with the regression line for the relation 
between the mean MD slope for 1 year before switching to 
DTFC (Pre-MD slope) and the mean MD slope for 3 years 
after switching (Post-MD slope). There was a significant 
correlation between the Post-MD slope and the Pre-MD 
slope (Post-MD slope =-0.1625 to 0.4896x Pre-MD slope, 
^2 =0 4014,P=0.0150). 

Table 4 displays the correlations of the mean MD slope 
for 3 years after switching to DTFC (Post-MD slope) with 
various factors and the multivariate odds ratios for the MD 
slope. Univariate and multivariate analyses showed there 
was no significant influence on the Post-MD slope of various 
factors before switching, including the age, sex, right/left eye, 
refraction, glaucoma type (NTG/POAG), no-increase group/ 
increase group, and baseline IOP (Table 4). When factors 
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Table 3 Correlations among the MD and MD slope before and after switching to DTFC 

Pre-MD Baseline MD Pre-MD slope Post-MD slope 

R P-value R P-value R P-value R P-value 

Pre-MD 

Baseline MD 0.99 <0.000l 

Pre-MD slope 0.43 0.1277 0.53 0.0503 

Post-MD slope -0.16 0.5781 -0.27 0.3510 -0.63 0.0150 

Note: Correlation coefficients were calculated by Pearson's product moment formula. 

Abbreviations: MD, mean deviation; DTFC, dorzolamide/timolol ( I %/0.5%) fixed combination; Pre-MD, mean MD value for I (dB) year before switching to DTFC; Baseline 
MD, MD value (dB) immediately before switching to DTFC; Pre-MD slope, MD slope (dB/year) before switching; Post-MD slope, MD slope for 3 years (dB/year) after 
switching; R, Pearson's correlation coefficient. 



after switching were assessed, such as the IOP, MD, and MD 
slope, the IOP reduction rate at 36 months was correlated with 
the mean Post-MD slope according to Pearson's correlation 
coefficient analysis (£=0.67, £=0.0091; Table 4), but there 
was no significant association with the other parameters. 
In addition, multivariate analysis showed that none of the 
factors had a significant influence on the mean Post-MD 
slope (Table 4). Figures 4 and 5 show scatter plots and 
regression lines for the association between the mean MD 
slope for 3 years after switching to DTFC (Post-MD slope) 
and the IOP reduction rate at 3 years after switching (Figure 
5A) or the mean IOP reduction rate for 3 years after switch- 
ing (Figure 5B). There was a significant positive correlation 
between the Post-MD slope (-0.2651+0.0179x100 [%]) and 
the IOP reduction rate at 3 years (£2=0.2020, £=0.0091). How- 
ever, the Post-MD slope showed no significant correlation 
with the mean IOP reduction rate for 3 years after switching 



to DTFC (Post-MD slope, -0.0894+0.0024x100 [%]; 
reduction of IOP for 3 years, £ 2 =0.0020, £=0.8807). 

Progression of visual field loss, which was defined as 
a 3 dB decrease of pattern deviation values at the same 
three points in two consecutive tests, was detected in five 
(35.7%) of the 14 patients. Table 5 shows a comparison of 
IOP- and MD-related parameters between the patients with 
and without visual field progression. The reduction of IOP 
at 12 months after switching (£=0.0160) and the MD slope 
from baseline to 12 months after switching were greater in 
patients with visual field progression than in those without 
progression (£=0.0027, two-tailed unpaired Mest; Table 5). 
Univariate analysis revealed a positive association between 
the progression of visual field loss and the IOP at 12 months 
after switching. However, no association was found between 
the IOP and progression of visual field loss by multivariate 
analysis (Table 6). 
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Figure 4 Scatter plot with regression line for the relation between the mean 
deviation (MD) slope (dB/year) during I year before switching to dorzolamide/ 
timolol (l%/0.5%) fixed combination (Pre-MD slope) and the mean MD slope for 
3 years after switching (Post-MD slope). 



Discussion 

This study provides the first evidence about the 3 -year out- 
come of visual field progression after switching to DTFC 
therapy. MD values remained stable for 3 years, chang- 
ing slightly from -5.9+4.8 dB at baseline to -5.6+4.9 dB 
at 3 years after switching. The MD slope improved from 
-0.2+0.7 dB/year at baseline to 0.3+0.9 dB/year at 3 years 
after switching, and the mean MD slope for 3 years was -0. 1± 
0.6 dB/year. In addition, the mean MD slope for 3 years was 
correlated with the IOP reduction rate at 36 months. These 
results suggest that switching to DTFC therapy contributed 
to the prevention of visual field defects, probably by reduc- 
ing the IOP. 

The MD value improved by +0.3 dB from baseline to 
3 years after switching. The MD slope also improved by +0.5 
dB/year from baseline to 3 years after switching. In addition, 
the mean MD slope over 3 years was -0.1+0.6 (dB/year), 
and the mean change of MD over 3 years from baseline 
was 0. 1+0.4 dB per year. We cannot compare these results 
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Table 4 Correlations between the MD slope for 3 years after switching and various factors, as well as multivariate odds ratios for the 
MD slope for 3 years (n=l4) 



Variable 


Correlation coefficient 


Multivariate analy: 


iis 




R 


P-value 


Odds ratio 


95% confidence interval 


P-value 


Age, years 


0.32 


0.2647 


1.02 


-0.1 to 0.1 


0.6358 


Sex, male 


0.06 


0.8404 


0.64 


-1.9 to 0.8 


0.4813 


Right/left, left eye 


-0.1 1 


0.70IS 


0.53 


-2.2 to 0.7 


0.3505 


Refraction, diopters 


0.14 


0.6412 


1.04 


-0.2 to 0.3 


0.7290 


POAG/NTG (POAG) 


0.09 


0.7553 


1.68 


-1.2 to 2.0 


0.4827 


No-increase/increase group (increase) 


-0.21 


0.4743 


0.44 


-2.6 to 0.7 


0.301 1 


IOP, mmHg 












Baseline 


0.10 


0.7388 


1.00 


-0.3 to 0.3 


0.9920 


3 months 


0.27 


0.3525 


3.4 


-5.0 to 4.3 


0.4854 


1 2 months 


-0.21 


0.4673 


1.0 


-10.7 to 5.3 


0.9891 


24 months 


0.35 


0.221 1 


0.3 


-12.1 to4.l 


0.6624 


36 months 


-0.1 5 


0.5975 


0.9 


-0.9 to 0.4 


0.7687 


IOP reduction, % 












3 months 


-0.10 


0.7265 


I.I 


-0.7 to 0.6 


0.5941 


1 2 months 


0.38 


0.1772 


1.0 


-1.5 to 0.8 


0.973 1 


24 months 


-0.14 


0.6452 


0.9 


-1.5 to 0.5 


0.6943 


36 months 


0.67 


0.0091 


1.0 


-0.2 to 0.1 


0.7239 


MD, dB 












1 2 months 


-0.17 


0.5709 


0.9 


-3.2 to 1 .5 


0.9198 


24 months 


-0.03 


0.9277 


0.9 


-2.6 to 1 .2 


0.8936 


36 months 


0.03 


0.9256 


1.2 


-1.5 to 1.0 


0.7071 



Notes: Correlations between the mean MD slope for 3 years after switching to DTFC and various factors were calculated by using the two-tailed Pearson's product moment 
formula. Independent determinants of the MD slope for 3 years after switching to DTFC were investigated by multiple logistic regression analysis. No-increase/increase group 
indicates no change/increase in the number of glaucoma medications after switching to DTFC. 

Abbreviations: MD, mean deviation; R, Pearson's correlation coefficient; POAG, primary open-angle glaucoma; NTG, normal tension glaucoma; IOP, intraocular pressure; 
DTFC, dorzolamide/timolol (l%/0.5%) fixed combination. 



with those of other studies because there have been no other 
reports about MD changes after switching to DTFC therapy. 
Koseki et al compared the effect of oral brovincamine on 
the MD slope over 2 years between treated and untreated 
patients with NTG. The MD slope of the untreated patients 
was -0.778+0. 178 dB/year, which was significantly steeper 
than that of the treated patients (-0.071+0.195 dB/year). 20 
Comparing the MD slope of the untreated patients in that 
previous study (-0.778 dB/year) 20 with the slope in our study 
(0. 1 dB/year over 3 years) suggests that switching to DTFC 
was effective for the prevention of progressive visual field 
loss. There are several reasons possible why we observed 
the further improvement of the MD slope after switching 
therapy. The first possibility is that the MD slope before 
switching was relatively gentle (-0.21 dB/year), resulting 
in a steeper MD slope after switching. However, our study 
demonstrated that the mean MD slope for 3 years after 
switching was negatively correlated with the MD slope 
before switching (Figure 4). Thus, the progression of visual 
field loss before switching to DTFC may not influence that 
after switching. Second, the study population included 



11 patients in the increase group (78.6%) who received 
more active ingredients after switching to DTFC. Greater 
reduction of IOP by increasing glaucoma medications may 
be associated with the prevention of progressive visual field 
loss by switching to DTFC. However, we cannot confirm 
this because there were no significant differences between 
the no-increase and increase groups with respect to the 
IOP or the IOP reduction rate after switching (Table 2). 
Further studies on a larger scale will be needed to test these 
hypotheses. 

The mean MD values of the no-increase and POAG 
groups were higher than those of the increase and NTG 
groups. In contrast, the MD slope showed no significant 
differences between the no-increase and increase groups 
or between the NTG and POAG groups. This discrepancy 
between MD values and the MD slope primarily arises 
because the baseline MD was lower in the increase group and 
the NTG group. Thus, switching to DTFC had a preventive 
effect on visual field progression regardless of prior medica- 
tions (no-increase/increase groups) or the type of glaucoma 
(POAG/NTG). 
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Figure 5 Scatter plots and regression lines for the association between the mean 
deviation (MD) slope for 3 years after switching (Post-MD slope) and the intraocular 
pressure (IOP) reduction rate at 3 years after switching to dorzolamide/timolol 
(l%/0.5%) fixed combination (A) and the mean IOP reduction rate for 3 years after 
switching to dorzolamide/timolol (l%/0.5%) fixed combination (B). 



The reasons why DTFC therapy could maintain better 
MD values and MD slopes for three years after switching 
are not clear from the present study. However, this may have 
been a result of the higher IOP reduction rate after switch- 
ing (Table 2). The IOP reduction rate from the baseline 
was 1 1.4%+14.4% at 36 months after switching (Table 2). 
Sonty et al reported that the IOP was reduced from 2 1 .4+2.5 
mmHg at baseline to 17.9+3.5 mmHg at 12 weeks after 
switching to DTFC from latanoprost (n=57). 14 Mizoguchi et 
al reported that the IOP was reduced from 15.6+2.0 mmHg 
at baseline to 13.7+2.2 mmHg at 8 weeks after adding DTFC 



to PGA monotherapy (n=40), and the percentage reduction 
of IOP from baseline was 1 1.7%±13.1% at 8 weeks. 15 In our 
study, prior medications were switched to DTFC, whereas 
DTFC was added to latanoprost by Mizoguchi et al but 
the IOP reduction rate obtained in the present study was 
similar to those reported previously. 1415 Considering these 
results, an IOP reduction rate of 1 1.7% after switching to 
DTFC may be sufficient for protection against visual field 
progression. 

In this study, univariate and multivariate analyses were 
employed to assess the association of the mean MD slope 
for 3 years with clinical variables. None of the factors before 
switching showed a significant association with the mean MD 
slope for 3 years (Table 4). Regarding factors after switch- 
ing, the mean MD slope for 3 years was correlated with the 
IOP reduction rate at 36 months according to univariate 
analysis, but not by multivariate analysis (Table 4). Fukuchi 
et al reported that the MD slope was negatively associated 
with the mean follow-up IOP in patients with POAG, but this 
association was not observed in patients with NTG. 21 These 
results suggest that the reduction of IOP after switching to 
DTFC is the most important factor influencing the progres- 
sion of visual field loss, but some other potential factors must 
also be considered. The first possibility is the effect of DTFC 
on ocular blood flow. 22 Systemic carbonic anhydrase inhibi- 
tors are known to increase retinal blood flow. 23 - 24 A topical 
carbonic anhydrase inhibitor (dorzolamide) also increases 
retinal blood flow in patients with NTG. 25 DTFC increases 
the arteriovenous passage time of fluorescein dye through the 
superior temporal artery compared with timolol in patients 
with POAG. 26 DTFC also has a greater effect than latano- 
prost on pulsatile ocular blood flow in patients with POAG. 22 
Furthermore, DTFC raises the diastolic ocular perfusion pres- 
sure by counteracting the decrease of diastolic blood pressure 
with a substantial reduction of IOP. 27 The results of these 
studies suggest that an increase of retinal blood flow with 
DTFC may delay or prevent the progression of visual field 
loss. The second possible factor is improvement of compli- 
ance by DTFC. In general, patients take their medicines in 
compliance with the directions just before seeing their doctor, 
whereas some patients may stop using medications before 
the next outpatient visit. During the interval between visits to 
the doctor or after discharge from hospital, compliance with 
medication normally declines. 28 Fixed combination drugs 
are expected to improve compliance because they are more 
convenient for patients, with less potential for abuse, lower 
costs, and fewer adverse effects. 1011 Patient education for a 
clinical trial may also improve compliance with DTFC. 14 
Improvement of compliance can have a major effect on the 
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Table 5 Comparison of IOP- and MD- 


related parameters between patients with and without progression of visual field loss 




Parameter 


Progression 


of visual field loss 

+ 


P-value 


Subjects, N 


9 


5 




Age (years) 


67.7±7.3 


63.4+7.1 


0.3578* 


Male/female 


6/3 


3/2 


0.6224 f 


Right/left 


5/4 


2/3 


0.5000 T 


Refraction, diopters 


-3.4±2.6 


-3.8+3.2 


Pi QAQ~3% 


IAD mm U« 

lUr, mmng 








Mean before baseline 


I3.7±2.4 


13.0+1.8 


0 6035* 


Baseline 


I4.6±3.2 


13.2+1.2 


0 3053* 


3 months 


I2.9±2.8 


12.0+0.9 


Pi 4 OAR* 


1 2 months 


I2.2±2.6 


14.0+1.7 


Pi 1 77A* 
U. 1 //fa ' 


24 months 


1 l.9±2.0 


1 1.2+1.3 


Pi AQA~7* 


36 months 


I2.3±3.6 


12.4+1.5 


Pi QZAQ% 
U.70*l7 ' 


iKjr reduction, /o 








3 months 


I0.0±I4.7 


8.9+5. 1 


n RA | 7* 


1 2 months 


13.9+17.8 


-5.8+5.7 


Pi Pi 1 Afl* 


24 months 


16.8+12.2 


14.6+1 1.8 


Pi 7AT7* 


36 months 


14.5+1 5.7 


5.6+1 1.6 


Pi TQT C* 


Mean for 36 months 


13.2+12.5 


8.9+6.9 


Pi AC CA* 


fvl r~\ , ,_ I,, — - -ID 

nu values, db 








Mean for 1 year before switching 


-5.5+4.9 


-6.8+4.2 


Pi A40 1 * 


Dd Jd M lc 


-5.7+5.3 


-6.2+4.2 


0.8552* 


1 2 months 


-4.8+4.8 


-6.9+4.4 


Pi A£l~l% 
U.^rfa/ J ' 


24 months 


-4.9+4.9 


-7.6+4.7 


Pi IQm* 
U.J7UZ ' 


36 months 


-4.8+5.0 


-7.0+5.0 


U.OU7Z 1 


MD slope (dB/per year) 








From 1 2 months before switching to baseline -0.3±0.7 


0.0+0.8 


0.4405* 


From baseline to 12 months 


0.8+1.2 


-0.7+0.9 


0.0274* 


From 1 2 to 24 months 


-0.1+0.9 


-0.6+1.3 


0.4705* 


From 24 to 36 months 


0.1+0.7 


0.6+1.0 


0.3873* 


Mean from baseline to 36 months 


0.2+0.3 


-0.5+0.7 


0.1075* 



Notes: *Two-tailed unpaired t-test; ^Fisher's exact test. 
Abbreviations: IOP, intraocular pressure; MD, mean deviation. 



Table 6 Correlations between progression of visual field loss after switching to DTFC and various factors, as well as multivariate odds 
ratios for visual field progression (n= 1 4) 



Variable 


Correlation coefficient 


Multivariate analysis 






R 


P-value 


Odds ratio 


95% confidence interval 


P-value 


IOP 


-0.24 


0.4095 


0.2 


-5.9 to 0.5 


0.2417 


Baseline 


-0.24 


0.4095 


0.2 


-5.9 to 0.5 


0.2417 


3 months 


-0.18 


0.5301 


329.4 


-7.8 to 12.6 


0.2078 


1 2 months 


0.35 


0.2222 


0.1 


-8.6 to 1.2 


0.3124 


24 months 


-0.18 


0.5386 


0.9 


-3.3 to 1.5 


0.9123 


36 months 


0.01 


0.9715 


0.2 


-5.5 to 0.2 


0.1918 


IOP reduction, % 












3 months 


-0.05 


0.8746 


2.3 


-1.0 to 1.7 


0.1927 


1 2 months 


-0.54 


0.0455 


0.7 


-1.3 to 0.1 


0.2701 


24 months 


-0.09 


0.7597 


1.0 


-0.4 to 0.2 


0.8465 


36 months 


-0.28 


0.3241 


0.8 


-0.7 to 0.0 


0.2065 


MD at baseline 


-0.05 


0.8620 


1.0 


-0.2 to 0.1 


0.9946 


MD slope before switching* 


0.23 


0.4203 


I.I 


-1.3 to 0.8 


0.7105 



Notes: Correlations between the progression of visual field loss after switching to DTFC and various factors were calculated by using the two-tailed Pearson's product 
moment formula. Independent determinants of the progression of visual field loss after switching to DTFC were investigated by multiple logistic regression analysis. *MD 
slope from 12 months before switching to baseline. 

Abbreviations: DTFC, dorzolamide/timolol (l%/0.5%) fixed combination; R, Pearson's correlation coefficient; IOP, intraocular pressure; MD, mean deviation. 
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reduction of IOP, 29 and a lower IOP reduces the risk for 
progressive visual field loss. 30 

A number of study limitations should be considered when 
interpreting these results. First, our study was not random- 
ized, and there was no control group, because all patients 
with insufficient control of the IOP and progression of visual 
field defects were switched to DTFC. Second, our study was 
small in scale (14 patients), and selection bias may have 
occurred. Third, switching to a medication generally improves 
adherence to treatment,' 3 so DTFC might appear to be more 
efficient than it really was. Fourth, our patients received 
many different antiglaucoma medications before switching 
to DTFC. Fifth, the IOP was measured only in the morning. 
Konstas and Quaranta reported that daytime peak IOP is 
clinically important in predicting long-term glaucomatous 
progression. 31 - 32 Timolol is effective during the daytime, and 
dorzolamide is effective at night. 33 For that reason, DTFC and 
dorzolamide increase mean 24-hour diastolic ocular perfusion 
pressure with a substantial reduction in IOP. 34 Therefore, we 
need to measure IOP in the morning and evening. Sixth, we 
did not measure central corneal thickness, although greater 
central corneal thickness is associated with higher IOP. 35 

In conclusion, this study provided the first information 
about the progression of visual field loss over the course of 
3 years after switching to DTFC. It demonstrated that DTFC 
prevented the progression of visual field loss and was well 
tolerated for 36 months in patients switched from other 
glaucoma medications. As well as decreasing the number 
of doses and improving adherence, DTFC protects against 
visual field progression. 
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